Background: Idiopathic and acquired epilepsy are common in dogs. Up to 30% of these dogs are refractory to pharmacological treatment. Accumulating experimental evidence indicates that brain immune response and presence of inflammatory mediators decrease the threshold for individual seizures and contribute to epileptogenesis.
I diopathic or acquired epilepsy are common, welldescribed disorders in dogs. Idiopathic epilepsy (IE) is the most common etiology of epileptic seizures in dogs. 1, 2 The onset of seizures with IE mostly occurs in dogs between the age of 1 and 5 years, and could present as generalized tonic-clonic seizures. 3 IE is diagnosed based on the signalment, history, normal neurological examination, and exclusion of other causes of recurrent seizures, including infection, inflammation, trauma, metabolic derangement (ie, hypoglycemia, hepatic encephalopathy and electrolyte imbalance) and neoplasia.
2 Treatment of epilepsy in dogs is based on anticonvulsants, with phenobarbital and potassium-bromide being the drugs of choice. 1 In secondary epilepsy, treatment combines anticonvulsive treatment and specific treatment of the underlying primary process. 1 Epilepsy in dogs shares many similarities with epilepsy in humans. 4 In both species, as many as 30% of the cases treated pharmacologically are refractory to anticonvulsants, and are therefore susceptible to irreversible brain damage and death because of recurrent seizures and status epilepticus (SE). 3 Thus, further exploration of novel therapeutic avenues for successful seizure management in cases failing to respond to conventional anticonvulsants is warranted.
Inflammation accompanies all types of brain insults, including immune-mediated and infectious diseases, as well as traumatic, neurodegenerative, and epileptic disorders. 5 Recent studies have suggested that increased brain inflammatory mediators decrease the threshold for individual seizures, thereby contributing to epileptogenesis. [6] [7] [8] Brain parenchyma cells (ie, microglia, astrocytes, and neurons), blood-brain barrier (BBB), and choroid plexus cells all produce inflammatory mediators. Brain inflammation may increase neuronal excitability, impair cell survival, and increase BBB permeability to blood-borne molecules and cells. [9] [10] [11] [12] [13] Communication between immune system cells occurs via direct, cell-to-cell interactions, or via cytokines. 8 Transgenic IL-6 or TNF-a overexpressing mice were shown to be in a state of chronic inflammation.
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Chronic IL-6 overexpression in mice resulted in spontaneous seizures, increased brain astrocyte and microglia cell number, higher CSF proinflammatory cytokine levels, BBB impairment, and various neurological deficits. 8 TNF-a induces c-aminobutyric acid-A receptor endocytosis, resulting in decreased inhibitory strength.
14,15 Transgenic mice with low to moderate astrocyte TNF-a overexpression have decreased number of seizure episodes, whereas those with high astrocyte TNF-a expression developed signs of neurologic dysfunction. [16] [17] [18] Proinflammatory cytokines concentrations, including TNF-a, IL-6, and IL-1b, are increased during epileptic activity in rodents. [11] [12] [13] Increased cytokines concentrations are reported in several central nervous system (CNS) diseases [19] [20] [21] [22] Marked IL-8 levels are found in chronic inflammatory canine distemper virus. 20 Significant up-regulation of IL-6 is present in the early phase of spinal cord injury; 21 pronounced IL-4 production in the acute phase of SRMA, 19 and increased IL-6 levels occur in the CSF of dogs with SRMA when compared to epileptic dogs, dogs with intervertebral disc disease and dogs with brain tumors. 22 In view of the above-mentioned findings, we hypothesized that dogs with seizures express higher CSF, and possibly higher serum IL-6 and TNF-a concentrations compared to dogs with no apparent disease. In this study, CSF and serum IL-6 and TNF-a concentration were measured in dogs presenting seizures because of 3 different etiologies (ie, IE, meningoencephalitis, or neoplasia). Their CSF levels were compared to those of apparently healthy dogs.
Material and Methods

Selection of Dogs and Data Collection
This prospective study included dogs presented to the Hebrew University Veterinary Teaching Hospital (HUVTH) with epileptic seizures of neoplastic, inflammatory, or idiopathic etiology between 2006 and 2007. In addition, healthy dogs, euthanized by the municipal authority as part of a population control program, unrelated to this study, were used as control. Cisternal CSF samples obtained from these dogs immediately after euthanasia. The medical history of these dogs was unavailable, but they were kept in quarantine for 10 days at least, were examined daily by a veterinarian and appeared healthy. Dogs were included in this study only if sufficient CSF sample volume was obtained to allow analysis of the measured parameters.
In the study group, data were obtained from the medical records, including the signalment, medical history, physical and neurological examinations findings, laboratory test results (ie, complete blood count, serum chemistry and CSF analysis), and imaging findings.
a The history obtained included the age at onset of the first seizure episode, frequency and duration occurring seizures, and whether these are partial or generalized, the exact lag of time from the last seizure episode to presentation to the HU-VTH, and type, dose and dosing interval of anticonvulsants used. Neurological examinations were performed by board-certified neurologist in study group dogs and by the local veterinarian in the controls.
Collection of Samples and Laboratory Methods
Routine hematology a,b and serum biochemistry (Cobas-Mira c ) (including TP and albumin) testing were performed by the HU-VTH Diagnostic Laboratory from blood samples collected in potassium-EDTA tubes and evacuated tubes with gel separators, respectively, in study group dogs. Leukocytosis was considered when a higher count than the reference range (6-17 9 10 9 cells/ L) was noted. CSF samples were obtained via cisternal puncture under general anesthesia, as part of the routine diagnostic work up in the study dogs. CSF analysis included TP (Roche/Hitachi U/CSF total protein [TPUC3] c ) and albumin d concentration measurements, total nucleated cell count (TNCC), performed using a hemocytometer, and cytological evaluation of cytocentrifuged, stained e smears. CSF was defined as inflammatory when CSF TP was >25 mg/dL or when total CSF TNCC was >5 cells/lL. Serum and CSF sample aliquots were stored at À80°C pending cytokine concentration measurement. The albumin quota (AQ) was calculated as CSF albumin concentration (mg/dL) divided by serum albumin concentration (g/dL), and further divided by 10. 23 The reported AQ reference interval in dogs is 0.17-0.3, and an AQ > 0.3 was considered abnormally increased, suggesting BBB disruption. 23 Serum and CSF IL-6 and TNF-a concentrations were measured using specific commercial canine ELISA tests (Quantikine IL-6 canine immunoassay, CA6000 and Quantikine TNF-a canine immunoassay, CATA00).
f Serum cytokines were not measured in the apparently healthy CG because of ethical considerations of obtaining ante-mortem blood samples.
Statistical Analysis
The distribution pattern of continuous variables was assessed using the Shapiro-Wilk test. One-way analysis of variance was applied to compare laboratory results of three groups or more, when data were distributed normally. When differences were significant, posthoc pair-wise comparisons were made using Student's t-test. The Kruskal-Wallis test was used to compare three groups or more when data were distributed nonnormally and when significant differences were recorded, pair-wise comparisons were made using the Mann-Whitney test. The association between 2 continuous variables was analyzed using Spearman's correlation. Fisher's exact test was used to analyze the association between two categorical variables. All tests were two-tailed, and a P ≤ .05 was considered statistically significant for all. Statistical analyses were performed by statistical software package SPSS 17. 
Results
The study group included 17 dogs, with 12 males (6 castrated) and 5 females (all neutered), with median age of 8.5 years (range 0.75-15), and median body weight of 27.5 kg (range 3.2-50). In the study group 7/ 17 dogs were of mixed breed, while other breeds included Boxer (2 dogs), Labrador Retriever (2), Border Terriers (2) and Yorkshire Terrier, Border Collie, English Bulldog, and Pekingese (1 each). The final diagnoses in this group included brain tumors (7 dogs), IE (7) and meningoencephalitis (ME, 3). The healthy CG included 12 dogs. Data regarding signalment were not recorded.
When assessing all seizure etiologies in the study group as a single group, TNF-a and IL-6 CSF concentrations were significantly higher compared to those of the CG (P = .011, P = .039, respectively; Table 1 ). Furthermore, there were significant positive correlations of CSF and serum IL-6 (r = 0.57, P = .039) and TNF-a (r = 0.56, P = .011).
When subgroups of the different etiologies in the study group were separately compared with the CG, there was a significant higher CSF TNF-a concentrations in dogs with IE than in the CG (P = .001) (Fig 1) . In addition, higher albeit insignificantly CSF IL-6 concentration were noted in dogs with IE than in the CG (P = .23) (Fig 2) . In addition, CSF IL-6 was significantly (P = .005) higher in study dogs with brain neoplasia compared to the CG. Both CSF IL-6 and TNF-a concentrations were significantly (P = .009 and P = .048) higher in study dogs with ME compared to the CG. No significant differences were noted between the CSF cytokine levels of the tumor and ME dogs.
Systemic inflammation, based on presence of leukocytosis was evident in 3 study dogs, 1 of which had concurrent inflammatory CSF (Table 2 ). There was no correlation between the blood leukocyte count and CSF cytokine levels.
Inflammatory CSF was recorded in 9/14 dogs (64%). There was no association between blood leukocyte count or presence of an inflammatory CSF and CSF TNF-a or IL-6 concentrations (Table 2) .
In 3/17 study dogs (18%), the AQ was abnormally high (0.42, 0.5, and 1.03), of which 2 had brain neoplasia, and 1 had ME. In all 3 dogs an inflammatory CSF was noted as well.
There were no associations (data not shown) between characteristics of the seizures ie, the lag of time from the last seizure episode to presentation, its type and duration, earlier phenobarbital treatment (Table 2) and CSF TP, albumin, TNF-a, or IL-6 concentrations, or with serum TNF-a or IL-6 concentrations.
Discussion
The significantly higher concentrations of both CSF TNF-a and IL-6 concentrations in the study group TMF-a, tumor necrosis factor-a; CSF, cerebrospinal fluid; IL-6, interleukin-6. Fig 1. A box plot showing Tumor necrosis factor-concentrations in the different etiologies causing seizures within the study group. IE, idiopathic epilepsy; ME, meningoencephalitis. Box and whiskers plots of the Tumor necrosis factor-concentrations of the different etiologies causing seizures within the study group ie, idiopathic epilepsy (7 dogs), tumor (7 dogs), meningoencephalitis (3 dogs), and the control group (12 dogs). The line within the boxes represents the median, whereas the boxes represent the interquartile range, the whiskers represent the range and outliers are marked as asterisks. Posthoc pair-wise comparisons were made using Student's t-test.
Fig 2.
A box plot showing Interleukin-6 concentrations in the different etiologies causing seizures within the study group. IE, idiopathic epilepsy; ME, meningoencephalitis. Box and whiskers plots of the Interleukin-6 concentrations of the different etiologies causing seizures within the study group ie, idiopathic epilepsy (7 dogs), tumor (7 dogs), meningoencephalitis (3 dogs), and the control group (12 dogs). The line within the boxes represents the median, whereas the boxes represent the interquartile range, the whiskers represent the range and outliers are marked as asterisks. Posthoc pair-wise comparisons were made using Student's t-test. Time from last seizure: 1; up to 24 hours, 2; up to 48 hours, 3; more than 48 hours. IE, idiopathic epilepsy; T, tumor; ME, meningoencephalitis; IL-6, interleukin 6; TNF-a, tumor necrosis factor-a; AQ, albumin quota; CSF, cerebrospinal fluid; WBC, white blood cell.
and of CSF TNF-a in dogs with IE and of CSF IL-6 concentration in dogs with brain tumors compared to CG are in agreement with previous studies.
11 -13,22 Although CSF IL-6 concentration in dogs with IE was not significantly higher compared to the control, it was significantly higher in the dogs with brain neoplasia, suggesting that IL-6 could have a different role or reaction pattern in the inflammatory reaction of different CNS diseases. Furthermore, there were significant positive correlations CSF and serum IL-6 and TNF-a, suggesting that both cytokines increase systemically and within the CNS during an inflammatory seizureinduced process. Moreover, the limited number of dogs in each group might have reduced statistical power. The number of dogs with ME was small; however, it is noteworthy that in all three dogs with ME both CSF cytokines concentrations were higher compared to the controls, supporting a previous hypothesis that intrinsic CSF inflammatory conditions, such as SRMA, increase CSF cytokine production. 22 The role of inflammation in epilepsy is incompletely understood, however, it was hypothesized that inflammatory reactions within the brain mediate some of the molecular and structural changes occurring during and after seizure activity. [24] [25] [26] Production of proinflammatory cytokines in both epileptic human patients and animal models of epilepsy have been recorded. 8, 27, 28 While expression of inflammatory cytokines in the normal brain is absent or minimal, markedly increased expression might be induced by acute epileptic events. 8 Seizure activity in rodent models increases m-RNA expression of TNF-a, IL-6, and IL-1b, indicating that seizures trigger de novo cytokine synthesis. 29 Such models have also showed that seizures trigger a rapid onset of marked reactive forebrain gliosis, resulting in high inflammatory mediators concentrations, including IL-1b, IL-6, and TNF-a, which are involved in generation and propagation of epileptic activity. [29] [30] [31] Neurons and glia cells express receptors for various cytokines such as IL-1b and TNF-a. 32 Hence, disregulation and excessive production of certain proinflammatory cytokines may potentiate neuronal degeneration and induction of seizures. 8 Transgenic, IL-6 and TNF-a overexpressing mice have increased sensitivity to induction of seizures, indicating that chronic CNS inflammation predisposes to occurrence of seizures. 33 All these studies suggest that proinflammatory cytokines play roles in both proepileptogenic mechanism as well as in the outcome of brain seizure activity. Nevertheless, further investigation is warranted to elucidate the roles of both IL-6 and TNF-a in epileptogenesis in both animal models and naturally occurring seizures.
Naturally occurring epileptic seizures in humans showed that increased CSF IL-6 concentrations are positively associated with recent tonic-clonic seizures, suggesting a role of cytokines in the formation of seizure activity, 30 or a result of such event. Increased CSF cytokines concentrations might possibly account for occurrence and recurrences of seizures. 8 In seizing dogs, an inflammatory "vicious cycle" might exist, in which seizures induce CNS proinflammatory mediator's production, thereby triggering seizure clusters and SE. In a study of cytokine expression in rat hippocampus specimens after induction of SE, IL-6, TNF-a and IL-1b m-RNA transcripts were increased at 2 hours postoccurrence of SE, reaching maximal levels 4 hours later, while afterward these slowly and progressively decreased. 34 While IL-6 and TNF-a transcripts levels decreased to basal levels at 3 days postinduction of SE, levels of IL-1b transcripts remained increased for 60 days. 34 These findings could account for the lack of association between CSF IL-6 and TNF-a concentrations and duration of seizures or occurrence of seizure clusters in this study. Possibly due transient nature of the CNS expression of IL-6 and TNF-a, and with a relatively long lag of time from occurrence of seizures to presentation in these dogs, CSF levels of both cytokines decreased. Since postseizures IL-1b expression is long term, 31, 35 it would be interesting to measure the CSF concentration of this cytokine in addition to IL-6 and TNF-a in future studies of dogs with clusters seizures and SE, and probably CSF IL-1b concentration should be followed up for a longer postseizure period to investigate its association with recurrent seizures in such dogs.
In humans with epilepsy, steroid use has been reported as early as 1942. 36 In addition, seizures in humans were inhibited using nonsteroid antiinflammatory drugs (NSAIDs), including ibuprofen, paracetamol, and aspirin. 26 Possibly, the antiepileptic effect of antiinflammatory drugs such as glucocorticoids and NSAIDs, occurs through inhibition of inflammatory reactions within the brain, mediated partly by proinflammatory cytokines. Furthermore, it was suggested that immuno-modulating therapy should probably be initiated in each case of refractory SE of unknown cause. 24 Following this same line, some forms of epilepsy in humans are sometimes treated, in addition to conventional antiepileptic drugs, with ACTH, prednisolone, or prednisone, as well as other immunemodulating drugs such as intravenous human immunoglobulin, cyclophosphamide, rituximab, and plasmapharesis. 24 It may be warranted to attempt such additional treatment in dogs that are refractory to conventional antiepileptic drugs.
Seizure-mediated inflammatory reactions, IL-1b affects BBB permeability via tight-junction organization disruption in its cells, increased nitric-oxide production and activation of endothelial cell matrix methaloproteinases. 30, 31 Increased BBB permeability is associated with extravasations of circulating proteins and innate immune system cells as well as other inflammatory mediators, resulting in long-lasting CNS inflammation. 30 Disruption of the BBB is positively correlated with the frequency of spontaneous seizures in rats, 30 and with posttraumatic epilepsy in traumatic brain injury in humans. 37 In 3/17 of the study dogs (17%) herein, there was evidence of increased BBB permeability, based on increased AQ. Postseizure BBB disruption may persist for several weeks. 38 This present finding should be further studied, and may have clinical implications; namely avoiding potentially neurotoxic medications, which would not have penetrated CNS when the BBB functions normally. Determining the AQ is a relatively simple method to assess BBB function, and should be considered in dogs with seizures, as part of the overall diagnostic work up. The AQ was abnormally high in only 3/17 study dogs, suggesting that the increased CSF cytokine concentrations levels in most cases with seizures herein were not a result of BBB disruption.
This study has several limitations. First, it included a limited number of cases, resulting in even smaller study subgroups, thereby weakening the statistical analyses and potentially leading to type-II errors. Second, limited volume of CSF samples precluded analysis of certain parameters (eg, TNCC and cytokine concentrations), further limiting the statistical analyses. These limitations possibly contributed to the lack of association found between the presence of inflammatory CSF samples or the etiology of seizures and CSF cytokine concentrations. Third, the study group included dogs with seizures of various etiologies, potentially introducing variance. Fourth, serum cytokines were not measured in the apparently healthy controls, and thereby precluding comparison of serum IL-6 and TNF-a with negative controls and interpretation of the serum cytokines concentration in the study group. Fifth, the healthy control dogs were not screened for presence of sub-clinical diseases, which if indeed present, might have affected the results. Lastly, the design of this study cannot exclude systemic inflammation processes as a cause for observed increased CSF cytokine levels. Nevertheless presently, there was no correlation between the blood leukocyte count and CSF cytokine levels or presence of an inflammatory CSF, in the study group as a whole, as well as in its subgroups (ie, tumor, ME, and IE subgroups). Future studies should include a larger, randomly selected population of dogs with seizures, as well as dogs with IE in particular, and efforts should be made to collect sufficient CSF volume to allow comprehensive analysis. 
